Introduction: Despite advances in stroke care, readmission rates for patients with ischemic stroke remain high. Although factors such as age, diabetes, and continuous use of antiplatelet agents have been found to predict readmission rates, the impact of after-hospital care has not been examined. Methods: The present study reviewed the charts of 416 patients with acute ischemic stroke and recorded stroke-related comorbidities, neurology follow-up within 21 days, readmission at 0 to 30 days, readmission at 31 to 90 days, and any reasons for readmission. Results: For those readmitted within 0 to 30 days, reasons for readmission were other medical conditions (62.5%), recurrent stroke (30.4%), and elective procedure (7.1%). For those readmitted within 31 to 90 days, reasons for readmission were other medical conditions (62.3%), recurrent stroke (15.1%), and elective procedure (22.6%). There was no significant relationship between being evaluated within 21 days and readmission at 0 to 30 or 31 to 90 days. However, those who did have a neurology follow-up at any point in time had a lower readmission rate of 10.6% compared to those who never came back (19.2%, P ¼ .017). Patients with coronary artery disease and diabetes had a significantly higher likelihood of readmission within 0 to 30 days. Conclusion: The present study suggests that neurology follow-up at any point in time for patients with acute ischemic stroke may reduce short-term readmissions, but special attention to optimizing management of other underlying medical conditions, coronary artery disease, or diabetes may also help reduce overall readmissions. Patients with stroke, therefore, may benefit from a follow-up with both the primary care and neurology in a coordinated fashion to prevent early readmissions at 30 days.
Introduction
Stroke represents the second most common cause of mortality and the third most common cause of disability worldwide, and although the overall rate of stroke-related mortality has decreased, the absolute number of individuals with stroke remains high and continues to increase. 1 In the United States, the annual incidence of new or recurrent stroke is 795 000, with 76% representing first-time strokes and 87% having an ischemic etiology. 2 The high prevalence of ischemic stroke becomes particularly important, given that the 30-day fatality rate ranges from 16% to 23%. 3 This has prompted efforts to improve stroke care and to minimize complications.
One of the publicly reported measures of quality of care for hospitals is risk-standardized readmissions within 90 days. Since factors outside hospital control tend to increase over time, longer periods are not used. Readmission rates after discharge for ischemic stroke range from 6.5% to 23.4%. 4 Beyond 30 days, these readmission rates rise significantly, ranging from 23% to 30.7% at 6 months. 5 Even if admitted to a certified primary stroke center, readmission rates do not significantly differ. 6 By 1 year after initial hospitalization for ischemic stroke, as many as two-thirds of Medicare patients either died or had been rehospitalized. 7 Moreover, fewer than 15% of patients admitted for ischemic stroke have been found to survive admission free within 5 years. 8 Given the economic burden from stroke, efforts have been made to reduce poststroke complications by better understanding patient features and hospital measures that predict readmission. 9 A recent large retrospective study involving 138 668 patients with ischemic stroke across 5 states and 568 hospitals revealed unplanned readmissions as high as 15.2%. 10 The investigators assessed the influence of patterns of hospital care, including diagnostic testing, procedures, intensive care unit admission, intravenous tissue plasminogen activator (IV tPA) administration, and other therapeutic modalities on readmission. They found that hospital practices such as occupational therapy and use of echocardiography appeared to play a role in reducing readmissions. The mechanism of effect on outcomes of these hospital practices remained complex and poorly understood. The purpose of the present study was to investigate the impact of early neurology follow-up (0-21 days postdischarge) on 0-to 30-day and 31-to 90-day hospital readmission rates for acute ischemic stroke.
Methods
As part of a medical student research project, a retrospective chart review was performed on patients admitted and treated at WellSpan York Hospital for ischemic stroke between October 2012 and June 2013. At the time of the study, Well-Span York Hospital was a primary stroke center. Patients were identified from a preexisting stroke database and through electronic health records. The study was approved by the study site's institutional review board, and a waiver of informed consent was granted.
The study population consisted of individuals 18 years and older admitted to WellSpan York Hospital and discharged with the diagnosis of ischemic stroke (International Classification of Diseases, Ninth Revision codes 433.01, 433.10, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, and 434.). Individuals younger than 18 years, patients with incomplete records, patients discharged with the diagnosis of hemorrhagic stroke, patients discharged with the diagnosis of transient ischemic attack, and individuals treated at or transferred to another facility were excluded from the study. No direct patient interaction or personal requirements were needed, and all the study information was obtained retrospectively.
Retrospective data were extracted from a cohort of patients prospectively maintained. Study investigators extracted data on a paper collection worksheet and populated an Excel spreadsheet. All study materials were stored in a passwordprotected location on a hospital server.
The primary independent variables were: neurology follow-up attended within 1 to 21 days after discharge; attended a neurology follow-up (regardless of time frame); and never attended a neurology follow-up. This follow-up was with a stroke provider who reviewed the hospital record and made recommendations in stroke management. Primary dependent variables were readmission within 0 to 30 days and readmission within 31 to 90 days-cases that were readmitted at both times were excluded from analysis (n ¼ 2). Other variables of interest were age, gender, marital status, insurance type, employment status, ethnicity, comorbid conditions (hypertension, dyslipidemia, coronary artery disease, atrial fibrillation, smoking, and diabetes), diseases burden (calculated by summing how many of the comorbid conditions they had: 0 ¼ lowest, 6 ¼ highest), National Institutes of Health Stroke Scale (NIHSS), IV tPA administration status, neurologic consultation, disposition (home, rehabilitation facility, skilled nursing home, expired, or other), and reason for readmission if applicable (eg, recurrent stroke/TIA, other medical, and elective procedure).
Data Analysis
Data were analyzed using the statistical analysis program, SPSS. Analysis included frequency and percentage determinations for all categorical parameters and mean and standard deviations for all continuous parameters. Specific statistical tests performed were w 2 , tests of proportions, and t tests.
Results
A total of 416 patients met the criteria for inclusion into the study. Mean age of the sample was 70.8 years, of which 205 (49.3%) patients were male. The majority of the patient sample was Caucasian (88.7%). Patient comorbidities as defined by the American Heart Association's ''Get with the Guidelines'' are shown in Table 1 . Fifty patients received IV tPA acutely (12%). The disease burden for the sample was 2.2 
Readmission 0 to 30 Days
Fifty-seven (13.7%) patients with ischemic stroke were readmitted within 0 to 30 days after discharge. Of those readmitted, 75.4% did not have a 1-to 21-day neurology follow-up; however, this was not statistically significant compared to those who did have neurology follow-up within that time frame (P ¼ .094). However, those who did have a neurology follow-up at any point in time had a lower readmission rate of 10.6% compared to those who never had neurology follow-up in clinic (19.2%, P ¼ .017). For those readmitted within 30 days, reasons for readmission were other medical conditions (62.5%), recurrent stroke (30.4%), and elective procedure (7.1%). Of those readmitted for new stroke (n ¼ 17), 50% were felt to be thrombotic, 50% were felt to be embolic, 2 patients had extracranial carotid disease of >50% stenosis of unclear significance, and in the rest, cause of stroke was unknown. Additionally, patients readmitted at 30 days had significantly higher rates of coronary artery disease (45.6%, P ¼ .002) and diabetes (45.6%, P ¼ .012). Smoking history, dyslipidemia, atrial fibrillation, and hypertension were not significantly higher in these patients. A comparison of these variables is depicted in Table 2 . The mean disease burden for those readmitted at 0 to 30 days was 2.68. The initial admission NIHSS was not a significant factor for readmission (P ¼ .889). Neurology consultation, gender, ethnicity, discharge disposition, employment status, and insurance type did not impact readmission rates at 30 days. Of those readmitted 0 to 30 days, 6 (10%) had IV tPA administration. None of these IV tPA patients were readmitted for elective procedures, and the administration of tPA did not impact readmission at 0 to 30 days (P ¼ .830).
Readmission 31 to 90 Days
Fifty-three (12.7%) patients with ischemic stroke were readmitted within 31 to 90 days after discharge. Patients not reevaluated at 1 to 21 days postdischarge were not any more likely to be readmitted to the hospital at 31 to 90 days (P < .561). Those who did have a neurology follow-up in clinic at any point in time did not have a significantly lower readmission rate (13.6%) compared to those who never had neurology follow-up (11.3%, P ¼ .494). For those readmitted within 31 to 90 days, reasons for readmission were other medical conditions (62.3%), recurrent stroke (15.1%), and elective procedure (22.6%). Eight patients were readmitted with stroke. Data were available on 5 of these patients, of which 60% felt to be related to embolic strokes and only 2 patients had extracranial carotid disease of >50% of unclear significance. Unlike patients readmitted within 0 to 30 days after discharge, those readmitted at 31 to 90 days did not have significantly higher rates of coronary artery disease (P ¼ .958) or diabetes (.275). Smoking history, dyslipidemia, and hypertension also did not differ compared to patients not readmitted 31 to 90 days. A comparison of these variables is depicted in Table 2 . The mean disease burden for those readmitted 31 to 90 days was 2.2. The initial NIHSS also was not significant (P ¼ .169). Once again, neurology consultation, gender, ethnicity, discharge disposition, employment status, and insurance type did not impact readmission rates at 31 to 90 days. Of those readmitted 31 to 90 days, 2 (3.6%) had IV tPA administration, and 1 of them was admitted for an elective procedure. Patients receiving IV tPA were not associated with lower readmission (13.3%) for the 31-to 90-day time window (P ¼ .067).
Discussion and Conclusion
In the present study, 14% of patients with ischemic stroke were readmitted to the hospital within 30 days after discharge, which is similar to other large retrospective studies with readmissions rates as high as 15.2%. 10 Neurology follow-up within 1 to 21 days was not significantly associated with a reduction in readmission rates from all causes. However, those patients who never attended their neurology follow-up appointment trended toward an increase in readmissions at 0 to 30 days. The significance of our findings remains unclear and likely due to the complex relationship of stroke with other comorbidities. A significant number of patients in our study readmitted within 30 days had a history of coronary artery disease or diabetes. Fareed et al reported among 9% of patients readmitted within 1 month of stroke discharge had these conditions and suggested that these conditions contribute to readmissions. 11 Similar findings have been reported in patients followed beyond 1 month after discharge, with patients with stroke having a significantly greater chance of being readmitted for heart failure, cardiac or vascular events, pneumonia, hip fractures, and repeat strokes. 12 This is consistent with our study in which 65% of patients readmitted at 0 to 30 days and 62.3% readmitted at 31 to 90 days were readmitted due to other medical conditions, whereas recurrent stroke was only 30.4% and 15.1%, respectively.
Similarity, Nahab et al investigated the frequency of avoidable readmissions among patients with stroke and other cerebrovascular disease. Patients with ischemic stroke represented 35% (945 patients) of their population, and they found that inadequate outpatient care coordination, incomplete initial evaluation, delayed palliative care consultation, and inadequate discharge instructions were associated with readmissions. The authors also found that having a neurology follow-up at discharge was associated with a trend toward lower 30-day readmission rates, which was similar to our findings. 13 Due to the combination of patients with stroke having significant medical comorbidities and potential for considerable neurological sequelae, it would appear that early follow-up with both neurology and primary care could be beneficial in reducing readmission rates. As noted in the article above, the problem can often be coordination of outpatient care. Although early medical follow-up could ensure proper management of medical stroke risk factors, neurology follow-up could ensure optimal medical or surgical management to prevent future strokes and may serve as an opportunity to review and address stroke workup that occurred in the hospital. Neurology follow-up for the patients with stroke in this study included (1) review of the hospital record and those studies pending at the time of discharge such as autoimmune laboratories or hypercoagulation panels, (2) compliance with treatment of their secondary stroke risk factors, (3) need for antiplatelet and anticoagulation assessed, (4) stroke education regarding deficits and prognosis, and (5) further studies were ordered if warranted. For instance, a patient with stroke having an undetermined etiology suspicious for atrial fibrillation would have a 21-day event monitor ordered and followed up on. A failure to follow-up on such a patient may mean readmission for falls, syncope, or another stroke. Therefore, early follow-up by both specialties may avoid critical diagnostic information going unaddressed.
While not shown in the results, our study also found that the use of tPA significantly decreased readmissions within the overall 0-90 day period. This is consistent with findings from the National Institute of Neurological Disorders and Stroke and the third International Stroke Trial, which suggest patients appropriately treated with tPA may entertain significant functional benefits months after their stroke compared to patients not receiving tPA. [14] [15] [16] This may improve their ability to function independently and reduce readmissions related to disability. The use of tPA in our population may have produced a similar effect in the present study.
Our retrospective chart review had several limitations. The study population represented a modest sample from a single institution in a small community in central Pennsylvania. The small sample size alone may have contributed to the inability to detect small difference and reach statistical significance for patients with early neurology follow-up at 1 to 21 days. Also, demographically, the study population consisted of a roughly equal mix of male and female Caucasians, but it did not include a significant number of African American, Hispanic, or Asian patients, reflecting the ethnic makeup of the region-South Central Pennsylvania. In addition, not all patients received an early neurology follow-up, which also suggests there may be barriers to care such as not enough access to subspecialty providers or possibly disposition at hospital discharge. For instance in our data, patients who were discharged to home had a 17% greater likelihood of having an early neurology follow-up than those patients discharged outside of the system. Overall, neurology follow-up may play a role in reducing hospital readmissions, but the mechanism by which this occurs remains unclear. Future efforts to uncover the barriers to follow-up along with the effect of follow-up may identify useful strategies for optimizing patient health and reducing readmissions for patients with stroke.
